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Description

BACKGROUND

[0001] The disclosure relates, in general, to the design
and selection of synthetic peptides for interrogating bi-
omarkers and, more particularly, to a method for identi-
fying and implementing a synthetic classifier including
one or more variant peptides for diagnostic and predictive
applications.
[0002] Biomarkers are naturally occurring, biological
elements (e.g., nucleic acids, proteins, small molecules,
and the like) that are generally detected in the blood,
urine, or another fluid of a subject. Such biomarkers may
form the basis of a diagnostic or prognostic classifier.
One example of a biomarker includes microRNAs (miR-
NAs), which can have unique profiles in a subject that
can be indicative of the presence or absence of a given
disease and can further be predictive of disease progres-
sion. In the context of non-small cell lung cancer
(NSCLC), Gasparini et al. developed a diagnostic clas-
sifier that demonstrated the expression signatures of var-
ious miRNAs could be used to classify NSCLCs as ALK-
translocated, mutant EGFR, or mutant KRAS versus mu-
tation-free (Gasparini et al. 2015, microRNA classifiers
are powerful diagnostic/prognostic tools in ALK-, EGFR-,
and KRAS-driven lung cancers. PNAS, vol. 112, no. 48,
pp. 14924-14929). Gasparini et al. further identified a
prognostic miRNA-based classifier to predict overall sur-
vival.
[0003] One potential drawback of the approach taken
by Gasparini et al. and others, is that a given classifier
is limited to those biomarkers derived from a given sub-
ject that are naturally occurring (wild-type or mutant).
Moreover, development of such biomarker-based clas-
sifiers can be time-consuming both in terms of the length
of time it takes to identify and validate the classifier as
well as the extent of the labor required to process sam-
ples, design experiments, analyze date, and the like.
[0004] Accordingly, there is a need for improved proc-
esses and systems for the development of new classifiers
for both diagnostic and prognostic applications.

SUMMARY

[0005] The present invention overcomes the afore-
mentioned drawbacks by providing methods for identifi-
cation of a synthetic classifier.
[0006] In one aspect provided herein is a method for
identifying a synthetic classifier, wherein the synthetic
classifier is a classifier for diagnosis or prognosis, the
method comprising:

contacting at least a first sample and a second sam-
ple with a first plurality of peptides, wherein:

the first sample is derived from a first group of
a cohort,

the second sample is derived from a second
group of the cohort having a biomarker indicative
of disease or prognosis,
the first group being different from the second
group,
the first plurality of peptides having a naturally
occurring peptide sequence and representing at
least 90% of a target proteome, the target pro-
teome selected from a virus and an organism;

detecting a first signal output characteristic of binding
of each of the first sample and the second sample
to the first plurality of peptides;
selecting a first subset of peptides from the first plu-
rality of peptides based on the first signal output,
wherein the selected first subset of peptides at least
partially classify the first and second samples from
the first and second groups;
contacting at least the first sample and the second
sample with a second plurality of peptides,
wherein

the second plurality of peptides comprises a plu-
rality of synthetic peptides of the first subset of
peptides, each of the plurality of synthetic pep-
tides having at least one of a substitution, a de-
letion, an insertion, an extension, and a modifi-
cation relative to a corresponding one of the first
subset of peptides, and each of the plurality of
synthetic peptides having:

a) a sequence that shares at least 85% se-
quence identity with the corresponding one
of the first subset of peptides;
b) a sequence with fewer than 20% of the
residues substituted and not more than 1
addition or deletion as compared to the cor-
responding one of the first subset of pep-
tides; or
c) a sequence that has 1 substituted residue
as compared to the corresponding one of
the first subset of peptides, and/or not more
than 1 addition or deletion as compared to
the corresponding one of the first subset of
peptides; and

wherein the synthetic peptides are non-naturally
occurring, designed sequences that are absent
in the target proteome;

detecting a second signal output characteristic of
binding of each of the first sample and the second
sample to the second plurality of peptides;
selecting a second subset of peptides from the sec-
ond plurality of peptides based on the second signal
output, wherein:
the second subset of peptides comprises at least
one of the plurality of synthetic peptides and at least
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partially defines the synthetic classifier, the synthetic
classifier distinguishing between a sample derived
from the first group and a sample derived from the
second group;
identifying the synthetic classifier by detecting bind-
ing between the synthetic peptides of the synthetic
classifier and the biomarker; wherein the synthetic
classifier determines the presence or absence of the
biomarker in a subject and assigns the subject as
having or not having the disease or diagnosis; and
wherein the synthetic classifier distinguishes be-
tween the sample derived from the first group and
the sample derived from the second group with at
least one of a greater sensitivity and a greater spe-
cificity than a natural classifier consisting of peptides
selected from the first subset of peptides.

[0007] In an embodiment, each of the peptides in the
first plurality of peptides and the second plurality of pep-
tides is between 12 amino acids and 16 amino acids in
length.
[0008] In an embodiment, the peptides in the first plu-
rality of peptides are tiled at between 1 amino acid and
4 amino acids along the length of the target proteome.
[0009] In an embodiment, the first signal output is a
fluorescence intensity obtained through fluorophore ex-
citation-emission, the fluorescence intensity reflecting at
least one of i) an abundance of a component of one of
the first sample and the second sample associated with
the first plurality of peptides, and ii) a binding affinity of
the component of one of the first sample and the second
sample to the first plurality of peptides, and
wherein the second signal output is a fluorescence in-
tensity obtained through fluorophore excitation-emis-
sion, the fluorescence intensity reflecting at least one of
i) an abundance of a component of one of the first sample
and the second sample associated with the second plu-
rality of peptides, and ii) a binding affinity of the compo-
nent of one of the first sample and the second sample to
the second plurality of peptides.
[0010] In one aspect provided herein is a method for
identifying a synthetic classifier, wherein the synthetic
classifier is a classifier for diagnosis or prognosis, the
method comprising:
contacting at least a first sample and a second sample
with a first plurality of peptides, the first sample derived
from a first group of a cohort, the second sample derived
from a second group of the cohort having a disease or
diagnosis, the first group being different from the second
group, and the first plurality of peptides comprising:

i) a first subset of peptides consisting of a plurality
of peptides, each peptide comprising at least one
naturally occurring amino acid sequence, wherein
the first subset of peptides represents at least 90%
of a target proteome, the target proteome selected
from a virus and an organism, and
ii) a second subset of peptides consisting of a plu-

rality of synthetic peptides each of the synthetic pep-
tides having at least one of a substitution, a deletion,
an insertion, an extension, and a modification rela-
tive to a corresponding one of the first subset of pep-
tides, and each of the plurality of synthetic peptides
having:

a) a sequence that shares at least 85% se-
quence identity with the corresponding one of
the first subset of peptides;
b) a sequence with fewer than 20% of the resi-
dues substituted and not more than 1 addition
or deletion as compared to the corresponding
one of the first subset of peptides; or
c) a sequence that has 1 substituted residue as
compared to the corresponding one of the first
subset of peptides, and/or not more than 1 ad-
dition or deletion as compared to the corre-
sponding one of the first subset of peptides, and

wherein the synthetic peptides are non-naturally oc-
curring, designed sequences that are absent in the
target proteome;

detecting a first signal output characteristic of binding
of each of the first sample and the second sample
to the first subset of peptides;
selecting the first subset of peptides based on the
first signal output; wherein the selected first subset
of peptides at least partially classify the first and sec-
ond samples from the first and second groups;
detecting a second signal output characteristic of
binding of each of the first sample and the second
sample with the second subset of peptides;
selecting at least one of the plurality of synthetic pep-
tides from the second subset of peptides based on
the second signal output;
defining a synthetic classifier comprising the at least
one of the plurality of synthetic peptides, the synthet-
ic classifier distinguishing between a sample derived
from the first group and a sample derived from the
second group; and
wherein the synthetic classifier distinguishes be-
tween the sample derived from the first group and
the sample derived from the second group with at
least one of a greater sensitivity and a greater spe-
cificity than a natural classifier consisting of peptides
selected from the first subset of peptides.

[0011] In an embodiment, each of the peptides in the
first plurality of peptides is between 12 amino acids and
16 amino acids in length.
[0012] In an embodiment, peptides in the first plurality
of peptides are tiled at between 1 amino acid and 4 amino
acids along the length of the target proteome.
[0013] In an embodiment, the first signal output is a
fluorescence intensity obtained through fluorophore ex-
citation-emission, the fluorescence intensity reflecting at
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least one of i) an abundance of a component of one of
the first sample and the second sample associated with
the first plurality of peptides, and ii) a binding affinity of
the component of one of the first sample and the second
sample to the first plurality of peptides.
[0014] The foregoing and other aspects and advantag-
es of the invention will appear from the following descrip-
tion. In the description, reference is made to the accom-
panying drawings which form a part hereof, and in which
there is shown by way of illustration a preferred embod-
iment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Figure 1 is an example of a method of for identifying
a synthetic classifier according to the present disclo-
sure.

Figure 2 is a schematic illustration of 16-mer pep-
tides tiled at either 1 amino acid resolution or 4 amino
acid resolution, including a table illustrating tiling of
an example protein sequence with 16-mer peptides
tiled at 1 amino acid resolution.

Figure 3 is a scatter plot illustrating log2 signal output
for a wild type peptide against the log2 signal output
for a corresponding derivative of the wild-type pep-
tide. The various groups are depicted according to
their membership in the control group (empty
squares) DMARDS/responders group (empty cir-
cles), or non-responders group (filled circles). Each
data point represents a signal resulting from contact-
ing different serum samples with the wild type and
derivative peptides.

Figures 4A and 4B illustrate the development of a
peptide classifier from wild-type and mutant pep-
tides. Figure 4A is a set of two scatter plots showing
the log2 signal response of different serum samples
in the presence of one of two pairs of wild-type/de-
rivative peptides. The signal for the wild-type peptide
of each pair of peptides is shown on the horizontal
axis and the signal for the corresponding derivative
peptide (wild-type peptide having arginine and lysine
substituted with citrulline and homocitrulline, respec-
tively) is shown on the vertical axis for each of 30
serum samples from three different sample groups
within a cohort of subjects. Wild-type/derivative pep-
tide pairs were identified from an array of peptides
representing the entirety of the human proteome.
Fig. 4B is a discrimination plot generated from the
data illustrated in Fig. 4A. By combing the data from
the individual plots, the two peptides were able to
generally distinguish between the control group
(empty squares), the DMARDS/responders group
(empty circles) and non-responders group (filled cir-

cles). In both Figs. 4A and 4B, each data point rep-
resents one serum sample; dashed circles indicate
general colocalization of data points from like sample
groups.

Figure 5 is a signal plot generated for a 3-peptide
synthetic classifier. Each data point represents a sin-
gle serum sample depicted by their group member-
ship in the control group (empty squares),
DMARDS/responders group (empty circles), or non-
responders group (filled circles). Log2 signal re-
sponse for serum samples in the presence of each
of the three different peptides is shown on a respec-
tive one of the three different axes.

Figure 6 is a plot showing the multiclass receiver
operational characteristics (ROC) performance of a
3 peptide synthetic classifier according to the present
disclosure. The plot illustrates the ability of the com-
bination of 3 synthetic peptides to distinguish be-
tween the DMARDS/responders group and the non-
responders group.

Figure 7 is a box and whisker plot comparing the
Logz signal response for synthetic peptide C from
Fig. 5 with a corresponding wild-type peptide for
each of three different sample cohorts. Each data
point represents the signal measured from the inter-
action of either the synthetic peptide C or wild type
peptide C with a given serum sample.

DETAILED DESCRIPTION

I. Definitions

[0016] In this application, unless otherwise clear from
context, (i) the term "a" may be understood to mean "at
least one"; (ii) the term "or" may be understood to mean
"and/or"; (iii) the terms "comprising" and "including" may
be understood to encompass itemized components or
steps whether presented by themselves or together with
one or more additional components or steps; and (iv) the
terms "about" and "approximately" may be understood
to permit standard variation as would be understood by
those of ordinary skill in the art; and (v) where ranges are
provided, endpoints are included.
[0017] Approximately: As used herein, the term "ap-
proximately" or "about," as applied to one or more values
of interest, refers to a value that is similar to a stated
reference value. In certain embodiments, the term "ap-
proximately" or "about" refers to a range of values that
fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%,
13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, or less in either direction (greater than or less
than) of the stated reference value unless otherwise stat-
ed or otherwise evident from the context (except where
such number would exceed 100% of a possible value).
[0018] Associated with: Two events or entities are "as-
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sociated" with one another, as that term is used herein,
if the presence, level, and/or form of one is correlated
with that of the other. For example, a particular entity
(e.g., polypeptide, genetic signature, metabolite, etc.) is
considered to be associated with a particular disease,
disorder, or condition, if its presence, level and/or form
correlates with incidence of and/or susceptibility to the
disease, disorder, or condition (e.g., across a relevant
population). In some embodiments, two or more entities
are physically "associated" with one another if they inter-
act, directly or indirectly, so that they are and/or remain
in physical proximity with one another. In some embod-
iments, two or more entities that are physically associat-
ed with one another are covalently linked to one another;
in some embodiments, two or more entities that are phys-
ically associated with one another are not covalently
linked to one another but are non-covalently associated,
for example by means of hydrogen bonds, van der Waals
interaction, hydrophobic interactions, magnetism, and
combinations thereof.
[0019] Biological Sample: As used herein, the term "bi-
ological sample" typically refers to a sample obtained or
derived from a biological source (e.g., a tissue or organ-
ism or cell culture) of interest, as described herein. In
some embodiments, a source of interest comprises or
consists of an organism, such as an animal or human.
In some embodiments, a biological sample is comprises
or consists of biological tissue or fluid. In some embodi-
ments, a biological sample may be or comprise bone
marrow; blood; blood cells; ascites; tissue or fine needle
biopsy samples; cell-containing body fluids; free floating
nucleic acids; sputum; saliva; urine; cerebrospinal fluid,
peritoneal fluid; pleural fluid; feces; lymph; gynecological
fluids; skin swabs; vaginal swabs; oral swabs; nasal
swabs; washings or lavages such as a ductal lavages or
broncheoalveolar lavages; aspirates; scrapings; bone
marrow specimens; tissue biopsy specimens; surgical
specimens; other body fluids, secretions, and/or excre-
tions; and/or cells therefrom, etc. In some embodiments,
a biological sample is comprises or consists of cells ob-
tained from an individual. In some embodiments, ob-
tained cells are or include cells from an individual from
whom the sample is obtained. In some embodiments, a
sample is a "primary sample" obtained directly from a
source of interest by any appropriate means. For exam-
ple, in some embodiments, a primary biological sample
is obtained by methods selected from the group consist-
ing of biopsy (e.g., fine needle aspiration or tissue biop-
sy), surgery, collection of body fluid (e.g., blood, lymph,
feces etc.), etc. In some embodiments, as will be clear
from context, the term "sample" refers to a preparation
that is obtained by processing (e.g., by removing one or
more components of and/or by adding one or more
agents to) a primary sample. For example, filtering using
a semipermeable membrane. Such a "processed sam-
ple" may comprise, for example nucleic acids or proteins
extracted from a sample or obtained by subjecting a pri-
mary sample to techniques such as amplification or re-

verse transcription of mRNA, isolation and/or purification
of certain components, etc.
[0020] Comprising: A composition or method de-
scribed herein as "comprising" one or more named ele-
ments or steps is open-ended, meaning that the named
elements or steps are essential, but other elements or
steps may be added within the scope of the composition
or method. It is to be understood that composition or
method described as "comprising" (or which "compris-
es") one or more named elements or steps also describes
the corresponding, more limited composition or method
"consisting essentially of" (or which "consists essentially
of") the same named elements or steps, meaning that
the composition or method includes the named essential
elements or steps and may also include additional ele-
ments or steps that do not materially affect the basic and
novel characteristic(s) of the composition or method. It
is also understood that any composition or method de-
scribed herein as "comprising" or "consisting essentially
of" one or more named elements or steps also describes
the corresponding, more limited, and closed-ended com-
position or method "consisting of" (or "consists of") the
named elements or steps to the exclusion of any other
unnamed element or step. In any composition or method
disclosed herein, known or disclosed equivalents of any
named essential element or step may be substituted for
that element or step.
[0021] Designed: As used herein, the term "designed"
refers to an agent (i) whose structure is or was selected
by the hand of man; (ii) that is produced by a process
requiring the hand of man; and/or (iii) that is distinct from
natural substances and other known agents.
[0022] Determine: Those of ordinary skill in the art,
reading the present specification, will appreciate that "de-
termining" can utilize or be accomplished through use of
any of a variety of techniques available to those skilled
in the art, including for example specific techniques ex-
plicitly referred to herein. In some embodiments, deter-
mining involves manipulation of a physical sample. In
some embodiments, determining involves consideration
and/or manipulation of data or information, for example
utilizing a computer or other processing unit adapted to
perform a relevant analysis. In some embodiments, de-
termining involves receiving relevant information and/or
materials from a source. In some embodiments, deter-
mining involves comparing one or more features of a
sample or entity to a comparable reference.
[0023] Identity: As used herein, the term "identity" re-
fers to the overall relatedness between polymeric mole-
cules, e.g., between nucleic acid molecules (e.g., DNA
molecules and/or RNA molecules) and/or between
polypeptide molecules. In some embodiments, polymeric
molecules are considered to be "substantially identical"
to one another if their sequences are at least 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 99% identical. Calculation of the per-
cent identity of two nucleic acid or polypeptide sequenc-
es, for example, can be performed by aligning the two
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sequences for optimal comparison purposes (e.g., gaps
can be introduced in one or both of a first and a second
sequences for optimal alignment and non-identical se-
quences can be disregarded for comparison purposes).
In certain embodiments, the length of a sequence aligned
for comparison purposes is at least 30%, at least 40%,
at least 50%, at least 60%, at least 70%, at least 80%,
at least 90%, at least 95%, or substantially 100% of the
length of a reference sequence. The nucleotides at cor-
responding positions are then compared. When a posi-
tion in the first sequence is occupied by the same residue
(e.g., nucleotide or amino acid) as the corresponding po-
sition in the second sequence, then the molecules are
identical at that position. The percent identity between
the two sequences is a function of the number of identical
positions shared by the sequences, taking into account
the number of gaps, and the length of each gap, which
needs to be introduced for optimal alignment of the two
sequences. The comparison of sequences and determi-
nation of percent identity between two sequences can
be accomplished using a mathematical algorithm. For
example, the percent identity between two nucleotide se-
quences can be determined using the algorithm of Mey-
ers and Miller (CABIOS, 1989, 4: 11-17), which has been
incorporated into the ALIGN program (version 2.0). In
some exemplary embodiments, nucleic acid sequence
comparisons made with the ALIGN program use a
PAM120 weight residue table, a gap length penalty of 12
and a gap penalty of 4. The percent identity between two
nucleotide sequences can, alternatively, be determined
using the GAP program in the GCG software package
using an NWSgapdna.CMP matrix.
[0024] Sample: As used herein, the term "sample" re-
fers to a substance that is or contains a composition of
interest for qualitative and or quantitative assessment.
In some embodiments, a sample is a biological sample
(i.e., comes from a living thing (e.g., cell or organism). In
some embodiments, a sample is from a geological,
aquatic, astronomical, or agricultural source. In some
embodiments, a source of interest comprises or consists
of an organism, such as an animal or human. In some
embodiments, a sample for forensic analysis is or com-
prises biological tissue, biological fluid, organic or non-
organic matter such as, e.g., clothing, dirt, plastic, water.
In some embodiments, an agricultural sample, compris-
es or consists of organic matter such as leaves, petals,
bark, wood, seeds, plants, fruit, etc.
[0025] Substantially: As used herein, the term "sub-
stantially" refers to the qualitative condition of exhibiting
total or near-total extent or degree of a characteristic or
property of interest. One of ordinary skill in the biological
arts will understand that biological and chemical phenom-
ena rarely, if ever, go to completion and/or proceed to
completeness or achieve or avoid an absolute result. The
term "substantially" is therefore used herein to capture
the potential lack of completeness inherent in many bio-
logical and chemical phenomena.
[0026] Synthetic: As used herein, the word "synthetic"

means produced by the hand of man, and therefore in a
form that does not exist in nature, either because it has
a structure that does not exist in nature, or because it is
either associated with one or more other components,
with which it is not associated in nature, or not associated
with one or more other components with which it is as-
sociated in nature.
[0027] Synthetic Peptide: As used herein, the term
"synthetic peptide" refers to a peptide that differs from a
naturally occurring peptide at one or more amino acid
positions. In one aspect, a synthetic peptide can be dif-
ferentiated from both a wild-type peptide and a mutant
or other naturally occurring peptide. For example, a wild-
type peptide can consist of a peptide sequence defining
at least a portion of a wild-type protein sequence. In some
cases, the wild-type protein may be known to occur nat-
urally in a mutant form. For example, in certain autoim-
mune diseases, selected proteins are observed to in-
clude one or more citrulline residues in place of arginine
residues. Notably, this citrullination is known to occur in
nature. In this case, an example mutant peptide can con-
sist of a peptide sequence defining at least a portion of
the citrullinated protein sequence. However, the mutant
peptide including the one or more citrulline residues can
still be considered to be a naturally occurring peptide. By
contrast, a synthetic peptide will differ from a wild-type
peptide, a mutant peptide, or another naturally occurring
peptide sequence defining at least a portion of a naturally
occurring protein sequence. In one example, a synthetic
peptide can include one or more amino acid substitutions,
deletions, insertions, other like modifications, or a com-
bination thereof, where the aforementioned modifica-
tions are not observed in a naturally occurring form of
the protein sequence to which the peptide corresponds.
[0028] Variant: As used herein, the term "variant" re-
fers to an entity that shows significant structural identity
with a reference entity but differs structurally from the
reference entity in the presence or level of one or more
chemical moieties as compared with the reference entity.
In many embodiments, a variant also differs functionally
from its reference entity. In general, whether a particular
entity is properly considered to be a "variant" of a refer-
ence entity is based on its degree of structural identity
with the reference entity. As will be appreciated by those
skilled in the art, any biological or chemical reference
entity has certain characteristic structural elements. A
variant, by definition, is a distinct chemical entity that
shares one or more such characteristic structural ele-
ments. To give but a few examples, a small molecule
may have a characteristic core structural element (e.g.,
a macrocycle core) and/or one or more characteristic
pendent moieties so that a variant of the small molecule
is one that shares the core structural element and the
characteristic pendent moieties but differs in other pen-
dent moieties and/or in types of bonds present (single vs
double, E vs Z, etc.) within the core, a polypeptide may
have a characteristic sequence element comprised of a
plurality of amino acids having designated positions rel-
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ative to one another in linear or three-dimensional space
and/or contributing to a particular biological function, a
nucleic acid may have a characteristic sequence element
comprised of a plurality of nucleotide residues having
designated positions relative to another in linear or three-
dimensional space. For example, a variant polypeptide
may differ from a reference polypeptide as a result of one
or more differences in amino acid sequence and/or one
or more differences in chemical moieties (e.g., carbohy-
drates, lipids, etc.) covalently attached to the polypeptide
backbone. In some embodiments, a variant polypeptide
shows an overall sequence identity with a reference
polypeptide that is at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, or 99%.
[0029] In some embodiments, the reference polypep-
tide has one or more biological activities. In some em-
bodiments, a variant polypeptide shares one or more of
the biological activities of the reference polypeptide. In
some embodiments, a variant polypeptide lacks one or
more of the biological activities of the reference polypep-
tide. In some embodiments, a variant polypeptide shows
a reduced level of one or more biological activities as
compared with the reference polypeptide. In many em-
bodiments, a polypeptide of interest is considered to be
a "variant" of a parent or reference polypeptide if the
polypeptide of interest has an amino acid sequence that
is identical to that of the parent but for a small number of
sequence alterations at particular positions. Typically,
fewer than 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2% of the residues in the variant are substituted as
compared with the parent. In some embodiments, a var-
iant has 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1 substituted residue
as compared with a parent. Often, a variant has a very
small number (e.g., fewer than 5, 4, 3, 2, or 1) number
of substituted functional residues (i.e., residues that par-
ticipate in a particular biological activity). Furthermore, a
variant typically has not more than 5, 4, 3, 2, or 1 additions
or deletions, and often has no additions or deletions, as
compared with the parent. Moreover, any additions or
deletions are typically fewer than about 25, about 20,
about 19, about 18, about 17, about 16, about 15, about
14, about 13, about 10, about 9, about 8, about 7, about
6, and commonly are fewer than about 5, about 4, about
3, or about 2 residues. In some embodiments, a variant
may also have one or more functional defects and/or may
otherwise be considered a "mutant". The parent or ref-
erence polypeptide is one found in nature. As will be un-
derstood by those of ordinary skill in the art, a plurality
of variants of a particular polypeptide of interest may com-
monly be found in nature, particularly when the polypep-
tide of interest is an infectious agent polypeptide.

II. Detailed Description of Certain Embodiments

[0030] As also discussed above, in various situations
it may be useful to provide a method for accurately diag-
nosing a subject for a particular condition, disease, or
the like. Depending on the nature of the diagnostic, the

method or test can enable early detection, potentially re-
sulting in improved opportunities to plan for treatment
and the like. However, a given affliction may be difficult
to accurately diagnose, especially early on, when detect-
able symptoms are restricted to changes at the molecular
level (e.g., genomic mutations, protein aggregation,
changes in expression levels of nucleic acids or proteins,
and the like) that may not have manifested in more readily
detectable ways. For example, Alzheimer’s disease (AD)
is a chronic neurodegenerative disease that can include
such outward manifestations as memory loss, confusion,
and decreased or poor judgment. However, while the
cause of AD is poorly understood, biochemical changes
including protein misfolding are hypothesized to contrib-
ute to the progression of the disease. Accordingly, ex-
amination of brain tissue is presently needed for a more
definite diagnosis. That is, diagnosis of a disease, such
as AD, may benefit from a diagnostic that focuses on
biomarkers such as peptides, proteins, or nucleic acids
as opposed to behavioral characteristics or other outward
manifestations that can be subjective or difficult to detect
early in the progression of the condition.
[0031] In another example, it may be useful to provide
a method for accurately forecasting the probable course
of a disease or determining whether a subject may re-
spond to a given course of treatment (i.e., a prognostic
or predictive method). More than one treatment method
is often available for use; however, if no predictive test
is available to indicate which treatment or treatments will
be effective, it may be necessary to rely on trial and error,
attempting multiple different treatments either alone or
in combination to determine which treatments will be ef-
fective. Ultimately, in the absence of either or both of a
diagnostic and prognostic method or test, several chal-
lenges may arise in the diagnosis and treatment of a sub-
ject.
[0032] These and other challenges may be overcome
with a system and method for the design and implemen-
tation of a synthetic classifier. In one aspect, a classifier
can be implemented to solve the problem of categorizing
a subject within population of subjects. For example, a
classifier may assign a subject (or observation about that
subject) to a particular category or subpopulation based
on a training set of data containing information about one
or more different subjects (or observations) within the
population. An example would be assigning a diagnosis
to a given subject as determined by observed character-
istics of the subject.
[0033] The present disclosure is, at least in part, based
on the surprising discovery that a set of one or more
synthetic peptides (i.e., non-naturally occurring variants
of known peptide sequences) can be used to prepare a
one or both of a diagnostic and a prognostic classifier for
categorizing an observation or aspect of a group of sub-
jects. For example, an observation about the interaction
of the synthetic peptides with a serum sample collected
from the subject can be used to diagnose the subject for
a given condition, predict which treatment or treatments
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may be effective for the subject, the like, and combina-
tions thereof. Moreover, the present disclosure provides
for general methods of identifying and implementing a
synthetic classifier for almost any situation where an in-
teraction can be detected between one or more synthetic
peptides and a biomarker derived from or present within
a subject.
[0034] In one aspect, a synthetic classifier according
to the present disclosure can include synthetic peptides
that are differentiable from a traditional classifier for que-
rying a biomarker. A biomarker can be defined as a nat-
urally occurring, biological element (e.g., a nucleic acid,
a protein, a small molecule, an antibody, or the like) that
can be detected in the blood, urine, or another fluid of a
subject. In one aspect, the biomarker may be produced
by a foreign (non-native) or mutant (native) element in
the subject (e.g., a tumor, a virus, a parasite, or the like)
or in response to the presence of the native or non-native
element. In general, querying of biomarkers can allow
for early detection of a condition, confirmation of a diag-
nosis, predicting an outcome or making a prognosis,
monitoring treatment response, and the like. Whereas
some classifiers can include one or more elements for
querying biomarkers such as normal or mutant peptides
or proteins, the synthetic peptides of the present disclo-
sure cannot be properly equated to these normal or mu-
tant peptides or proteins. In one aspect, the synthetic
peptides of the present disclosure may be variants of
normal (wild-type) or mutant versions of peptides or pro-
teins that may exist in a given subject or may be associ-
ated with a given condition. While the native peptides
(wild-type or mutant) may be predicted to be useful for
querying a biomarkers as they may be observed to inter-
act with those biomarker in nature, the synthetic peptides
of the present disclosure are non-naturally occurring, de-
signed sequences that are absent in the curated pro-
teome. However, these synthetic peptides may contrib-
ute to a more sensitive and/or specific classifier for que-
rying those same biomarkers. Without being limited by
any particular theory, it is hypothesized that the synthetic
peptides of the present disclosure may adopt a confor-
mation that it is better suited to interact with or be bound
by a portion of a serum antibody or another biomarker
relative to naturally occurring peptide sequences. Impor-
tantly, the synthetic peptides of the present disclosure
can be capable of detecting or otherwise interacting with
one or more biomarkers derived from a subject as the
basis of a diagnostic or prognostic/predictive synthetic
classifier.
[0035] In one aspect, the present disclosure leverages
the surprising discovery that a synthetic or variant peptide
sequence can be used to provide a classifier, as one
would not necessarily expect to find non-naturally occur-
ring peptides that can be used as a classifier to discrim-
inate between naturally occurring biomarkers. In light of
this result, the present disclosure provides for methods
to design peptide-based probes for detection of biomar-
kers that may be useful in one or more of predictive, prog-

nostic, diagnostic, pharmacodynamic, and/or efficacy-
response applications. As further defined herein, a bi-
omarker is a measurable substance in an organism
whose presence is indicative of some phenomenon such
as disease, infection, or environmental exposure. Meth-
ods according to the present disclosure for detection of
one or more biomarkers include i) systematic screening
of known peptide targets as an initial step for candidate
peptide identification, and ii) subsequent derivatization
of candidates that can include systematic mutation of
candidates with both natural and non-natural amino ac-
ids, cyclization of candidates and their mutant counter-
parts, or a combination thereof to provide a plurality of
synthetic variants of the candidate peptides. Derivatiza-
tion is based on the ability to distinguish between sub-
groups of biomarker populations (e.g., drug responders
vs. non-responders, or diseased vs. control/healthy pop-
ulations) in a disease area.
[0036] In one aspect, the present disclosure over-
comes the challenge of having to rely solely on screening
to identify peptide candidates and using them as probes
to query biomarkers. Existing solutions rely on methods
such as phage or mRNA display for natural amino acids
substitution. As for non-natural amino acids such as cit-
rulline and homocitrulline, work is ongoing to overcome
the challenge of incorporating non-natural amino acids
into various display technologies (e.g., mRNA display,
phage display, etc.) via genetic code expansion or ge-
netic code reprogramming. By contrast, embodiments of
the present disclosure involve systematically mutating
these peptide candidates to find variant peptide sequenc-
es (i.e., synthetic peptides) that perform better than the
original, naturally occurring candidate peptides as
probes for querying biomarkers. These variant peptide
sequences are unlikely to be found in the human pro-
teome (natural vs. non-natural), and are at least unknown
(i.e., non-naturally occurring) variants of the portions of
the proteins from which they are derived. In one aspect,
the synthetic peptides of the present disclosure can be
implemented in detection schemes for the accurate di-
agnosis of a subject with a given condition as well as for
informing which treatments may be effective for a given
subject.
[0037] Turning to Fig. 1, an embodiment of a method
100 for identifying a synthetic classifier includes a step
102 of identifying and synthesizing a first plurality of pep-
tides. At least a portion of the first plurality of peptides
can define at least one naturally occurring amino acid
sequence. For example, the peptides can be tiled at 1
amino acid resolution (see Fig. 2) along the length of an
entire partial or full length protein sequence of interest.
In some embodiments, the peptides can have amino acid
sequences that collectively represent the entire human
proteome or another proteome of interest. A next step
104 of the method 100 includes contacting at least a first
sample and a second sample with a first plurality of pep-
tides. The first sample is derived from a first group of a
cohort, and the second sample derived from a second
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group of the cohort. The first group is different from the
second group. The cohort is generally a group of subjects
with a common defining characteristic. For example, the
cohort can be a group of subjects, where a portion of the
subjects have been diagnosed with a particular condition
or disease. More particularly, the first group within the
cohort can be a group of healthy (control) subjects and
the second group within the cohort can be a group of
subjects known to have a particular condition, disease,
diagnosis, or the like.
[0038] Notably, samples can be derived from two or
more groups within a cohort. As described in the Exam-
ples below, in some embodiments, a cohort can include
three or more groups. Example groups can include at
least a control or healthy subject group, a group of sub-
jects diagnosed with a particular condition where the sub-
jects responded to a particular treatment, and a group of
subjects diagnosed with the same particular condition
where the subjects did not respond to the particular treat-
ment. Moreover, more than a single sample may be test-
ed from each of the groups within the cohort. For exam-
ple, at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 50, 100,
1,000, 10,000, or more samples can be obtained for each
group within a cohort. Each of the samples from a se-
lected group of the cohort can be contacted individually
or in combination with one or more peptides as described
below. In one aspect, a sample can be a blood sample,
a serum sample, a buccal swab, a urine sample, a stool
sample, a tissue sample, the like, or combinations there-
of. The single sample will generally be collected from an
individual subject. However, in some embodiments, it
may be useful to pool one or more samples to provide a
single, combined sample.
[0039] A next step 106 of the method 100 includes se-
lecting a first subset of peptides from the first plurality of
peptides. The first subset of peptides can be candidate
peptides that can at least partially classify the first and
second samples from the first and second groups. A next
step 108 of the method 100 includes identifying and syn-
thesizing a second plurality of peptides. At least a portion
of the second plurality of peptides can define the se-
quences of the first subset of peptides and a plurality of
variant peptides of the first subset of peptides. For ex-
ample, the plurality of variant peptides can include, for
each one of the first subset of peptides, a variant peptide
having at least one of a substitution, a deletion, an inser-
tion, an extension, and a modification. In one aspect, the
plurality of variant peptides can include one or more syn-
thetic peptides as defined herein.
[0040] A next step 110 of the method 100 can include
contacting at least the first sample and the second sam-
ple (or samples comparable thereto) with a second plu-
rality of peptides. Thereafter, a next step 112 of the meth-
od 100 can include identifying or otherwise selecting a
second subset of peptides from the second plurality of
peptides. The second subset of peptides can include at
least one of the plurality of variant peptides. In a next
step 114 of the method 100, a synthetic classifier can be

defined including at least one of the second subset of
peptides. The synthetic classifier can distinguish be-
tween a sample derived from the first group and a sample
derived from the second group. Moreover, the synthetic
classifier can include one or more synthetic peptides
identified according to the method 100.
[0041] Notably, the embodiments of the method 100
according to the present disclosure can include one or
more additional steps or omit one or more of the illustrat-
ed steps of the method 100. For example, it may be pos-
sible to identify a subset of peptides from which a plurality
of variant peptides can be prepared without performing
the initial steps of the method 100. That is, it may be
possible to omit the steps of identifying and synthesizing
a first plurality of peptides, contacting the first plurality of
peptides with the subject samples, and selecting the first
subset of peptides based on the outcome of the first and
second illustrated steps of the method 100 of identifying
and contacting. Accordingly, the method 100 can begin
with a step of identifying and synthesizing the second
plurality of peptides. In general, the method 100 can be
modified in any suitable way that still enables the out-
come of defining a classifier, whether the resulting clas-
sifier is synthetic or otherwise. Yet other variations of the
method 100 that fall within the scope of the present dis-
closure will be apparent from the additional examples
and description included herein.

EXAMPLES

[0042] The following Examples are meant to be illus-
trative and are not intended to be limiting in any way.

Example 1:

[0043] Rheumatoid arthritis (RA) is systemic inflamma-
tory disease which manifests itself in multiple joints (e.g.,
more than five joint) of the body. The inflammatory proc-
ess primarily affects the lining of the joints (synovial mem-
brane), but can also affect other organs. The inflamed
synovium leads to erosions of the cartilage and bone and
sometimes joint deformity. As it is an autoimmune dis-
ease, autoantibodies such as rheumatoid factor (RF) are
often present in the serum samples isolated from RA pa-
tients. In the late 1990s, citrullination of arginine and more
recently, homo-citrullination of lysine have been identi-
fied as antigenic determinants of autoantibodies isolated
from serum of RA patients (see also Prujin et al., 2015.
Citrullination and carbamylation in the pathophysiology
of rheumatoid arthritis, Front Immunol. vol. 6, iss. 192).
Typical first-line treatment of RA includes the use of dis-
ease-modifying antirheumatic drugs (DMARDS).
[0044] Profiling of antibodies, autoantibodies, or a
combination thereof using peptide arrays has been de-
scribed previously (see, e.g., U.S. Pat. Pub. No.
2015/0185216 to Albert et al.); however, the citrullinated
and homo-citrullinated epitopes of RA patients’ serum
samples have not been fully characterized. To this end,
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thirty (30) serum samples were obtained from subjects
in each of three different groups of a cohort for a total of
ninety (90) serum samples from the cohort of subjects.
The three different thirty subject groups (sub-popula-
tions) of the cohort included i) a control or healthy donor
group (i.e., subjects diagnosed as being negative for RA),
ii) a responder or DMARDS group of RA patients who
responded to first line treatment (i.e., RA patients that
responded to treatment with DMARDS such as meth-
otrexate), and iii) a non-responder group of RA patients
that had failed first line treatment and at least 1 biologic
(e.g., Anti-TNF-α, anti-CD20, anti-IL-6, IL-1 receptor an-
tagonist, T-cell costimulatory blocker, or the like).
[0045] An initial screening of the ninety serum samples
was performed with a first array design whose content
included peptides representing 52 proteins identified to
have been citrullinated from synovial fluid of 2 RA patients
using mass spectrometry (Van Beers et al., 2013. The
rheumatoid arthritis synovial fluid citrullinome reveals
novel citrullinated epitopes in apolipoprotein E, myeloid
nuclear differentiation antigen, and β-actin. Arthritis &
Rheumatism. 65(1):69-80). The proteins were tiled with
overlapping 12-mer peptides at 1 amino-acid tiling reso-
lution (see Fig. 2 for an example of 1 amino-acid tiling
resolution). For all peptides containing amino acids ar-
ginine and lysine, a derivative peptide was also synthe-
sized (i.e., included in the first array design) by substitut-
ing citrulline for arginine and homocitrulline for lysine.
Notably, while selected arginine and lysine residues of
proteins in subjects diagnosed with RA are observed to
be substituted with citrulline and homocitrulline, respec-
tively, this substitution is not necessarily exhaustive. For
example, a protein exhibiting citrulline substitutions in a
subject with RA may still include one or more unsubsti-
tuted arginine residues. Accordingly, at least a portion of
the derivative peptides included in the first array design
can be considered synthetic peptides as defined herein.
[0046] Statistical analysis included the following: (1)
linear model at an alpha of 0.05 after multiple-testing cor-
rection for the detection of differences between groups.
A 2-fold threshold is used for differences between group
means (2) a sliding-window Kolmogorov-Smirnov test is
used for autoantibody detection with a sliding window
size of 8 amino acids (3) 2 sample t-test for mutation
detection and (4) random forest model for classifier gen-
eration. All statistical analyses were performed in the R
statistical programming environment.
[0047] Referring to Fig. 3, statistical analysis revealed
numerous peptides of the peptides present on the first
array design that could sufficiently distinguish between
the control samples and the RA samples (either
DMARDS or non-responders or both). However, no pep-
tides were found to distinguish between DMARDS and
non-responders in a statistically significant way.
[0048] To assess whether there existed any peptide in
the human proteome that can distinguish between the 3
groups: Controls, DMARDS and non-responders, a sec-
ond array design was created that expanded upon the

52 proteins from the first array design to include the entire
human proteome including both natural and derivative
peptides synthesized by substituting citrulline and homo-
citrulline for arginine and lysine, respectively. As dis-
cussed above, at least a portion of the derivative peptides
included in the second array design can be considered
synthetic peptides as defined herein. For the second ar-
ray design, proteins were tiled with overlapping 12-mer
to 16-mer peptides at 4 amino-acid tiling resolution (see
Fig. 2 for an example of 4 amino-acid tiling resolution).
For screening of the entire human proteome, a subset of
ten (10) serum samples from each of the groups were
selected and profiled with the second array design. Re-
ferring to Fig. 4A, statistical analyses revealed several
peptides capable of distinguishing between the
DMARDS and non-responders group. Notably, data is
shown for only two of the peptides that were capable of
distinguishing between the DMARDS and non-respond-
ers group. Upon inspection, by converting the log2 signal
of these two peptides to the log2 signal difference be-
tween the derivative peptides and the wild-type counter-
part, separation between the three groups (i.e., control,
DMARDS, and non-responders) can be seen (Fig. 4B).
[0049] While it is possible that for certain biomarkers
or disease types, a sufficient classifier could be prepared
from naturally occurring peptides (i.e., the peptides in-
cluded in the second array design), further improvements
to the classifier performance were achieved with a third
array design prepared by first selecting the top 97 can-
didate peptides based on their statistical significance and
ability to distinguish between the three subject groups.
Next, a number of variant peptide sequences were pre-
pared by performing a systematic substitution analysis
where every position of a candidate peptide is substituted
(one at a time) with either one of the twenty natural amino
acids, citrulline, or homocitrulline. Notably, substitution
of an amino acid within a given candidate peptide se-
quence with citrulline or homocitrulline was performed
agnostic of the original identity of the amino acid at that
position. Therefore, as discussed above, at least a por-
tion of the variant peptides included in the third array
design can be considered synthetic peptides as defined
herein. Using this new 12-plex design of greater than
34,144 variant peptides accounting for all single substi-
tutions of the 97 candidate peptides, all 90 serum sam-
ples were profiled. Manual curation based on statistical
analysis revealed a 3-peptide classifier that distinguished
between all three groups with a multi-class receiver op-
erational characteristics (ROC) performance of 0.86
(Figs. 5-7). Each of the three synthetic peptides that
made up the classifier included at least one modification
relative to the corresponding wild-type (i.e., naturally oc-
curring) peptide sequence. In one aspect, each of the
three synthetic peptides included at least a substitution
of an amino acid with citrulline or another canonical amino
acid relative to the wild-type peptide counterpart.
[0050] Notably, the surprising discovery was made that
three synthetic (i.e., non-naturally occurring) peptides se-
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lected from the variant peptides in the third array design
could provide an equally good, if not a better classifier
than any individual or combination of the naturally occur-
ring (i.e., wild-type or mutant) peptides. In one aspect,
Fig. 7 illustrates the impact of a synthetic peptide on
measured signal relative to a corresponding wild-type
peptide both for a given cohort and across cohorts. Im-
portantly, this approach for designing synthetic peptides
for querying biomarkers can be used in cases where in-
itial classifier development with naturally occurring pep-
tides (including wild-type peptides and known or expect-
ed mutants thereof) is not sufficient. That is, the present
disclosure provides for an approach that can yield a more
generalizable solution to biomarker detection and clas-
sification).

Example 2:

[0051] Using a maskless array synthesis platform for
the production of high-density peptide arrays, peptide
classifier discovery, and subsequent enhancement via
systematic amino acid substitution of lead peptides can
be applied to generate a synthetic peptide classifier that
distinguishes between healthy controls, diseased pa-
tients that respond to first line treatment, and diseased
patients that are refractory to first line treatment.
[0052] In addition to autoimmune diseases such as RA
(see Example 1), a similar methodology can be applied
for the construct a classifier based on patient responsive-
ness to cancer immunotherapy. To that end, the serum
samples of 45 cancer patients were profiled prior to un-
dergoing immunotherapy. Of the 45 patients, 15 were
eventually unresponsive to treatment (i.e., progressive
disease), and 30 were at least partially responsive to
treatment (i.e., complete response, partial response, and
stable disease). Serum samples were comprehensively
profiled on a pan-proteome peptide array that included
the complete annotated human proteome tiled with over-
lapping 16 amino acid peptides with a 4 amino acid tiling
resolution (see Fig. 2 for an example of 4 amino-acid
tiling resolution). Using a random forest model for statis-
tical analysis of the resulting data, specific peptides were
selected from the tested peptides to minimize the group
prediction error (i.e., the out-of-bag error). Using this ap-
proach an OOB error rate of less than 10% was achieved
with a classifier composed of 5 or fewer naturally occur-
ring peptides. Based on the specific lead wild type pep-
tides identified, systematic substitution analysis can be
performed to assess whether specific synthetic peptides
will lead to a synthetic classifier that performs better than
the previously identified classifier composed of naturally
occurring peptides. If specific mutant peptides lead to
better performing classifiers, it will serve to demonstrate
the applicability of the methodology disclosed herein to
patient stratification for cancer immunotherapy.
[0053] It will be appreciated, however, that the appli-
cation of the disclosed classifier discovery and enhance-
ment methodology is not limited to only RA and cancer.

It is conceivable that the method of the present disclosure
can be applied to any disease where antibody repertoire
has a specific impact on either disease prognosis or dis-
ease etiology. Examples where antibody repertoire has
been implicated in disease prognosis or disease etiology
include, but are not limited to, other autoimmune diseas-
es such as systemic lupus erythematosus (SLE) and in-
flammatory bowel disease (IBD), and host-vs.-graft dis-
eases during transplantation.
[0054] The schematic flow charts shown in the Figures
are generally set forth as logical flow chart diagrams. As
such, the depicted order and labeled steps are indicative
of one embodiment of the presented method. Other steps
and methods may be conceived that are equivalent in
function, logic, or effect to one or more steps, or portions
thereof, of the illustrated method. Additionally, the format
and symbols employed in the Figures are provided to
explain the logical steps of the method and are under-
stood not to limit the scope of the method. Although var-
ious arrow types and line types may be employed, they
are understood not to limit the scope of the corresponding
method. Indeed, some arrows or other connectors may
be used to indicate only the logical flow of the method.
For instance, an arrow may indicate a waiting or moni-
toring period of unspecified duration between enumerat-
ed steps of the depicted method. Additionally, the order
in which a particular method occurs may or may not strict-
ly adhere to the order of the corresponding steps shown.

Claims

1. A method for identifying a synthetic classifier, where-
in the synthetic classifier is a classifier for diagnosis
or prognosis, the method comprising:

contacting at least a first sample and a second
sample with a first plurality of peptides, wherein:

the first sample is derived from a first group
of a cohort,
the second sample is derived from a second
group of the cohort having a biomarker in-
dicative of disease or prognosis,
the first group being different from the sec-
ond group,
the first plurality of peptides having a natu-
rally occurring peptide sequence, and rep-
resenting at least 90% of a target proteome,
the target proteome selected from a virus
and an organism;

detecting a first signal output characteristic of
binding of each of the first sample and the sec-
ond sample to the first plurality of peptides;
selecting a first subset of peptides from the first
plurality of peptides based on the first signal out-
put, wherein the selected first subset of peptides
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at least partially classify the first and second
samples from the first and second groups;
contacting at least the first sample and the sec-
ond sample with a second plurality of peptides,
wherein

the second plurality of peptides comprises
a plurality of synthetic peptides of the first
subset of peptides, each of the plurality of
synthetic peptides having at least one of a
substitution, a deletion, an insertion, an ex-
tension, and a modification relative to a cor-
responding one of the first subset of pep-
tides, and each of the plurality of synthetic
peptides having:

a) a sequence that shares at least 85%
sequence identity with the correspond-
ing one of the first subset of peptides;
b) a sequence with fewer than 20% of
the residues substituted and not more
than 1 addition or deletion as compared
to the corresponding one of the first
subset of peptides; or
c) a sequence that has one substituted
residue as compared to the corre-
sponding one of the first subset of pep-
tides, and/or not more than one addition
or deletion as compared to the corre-
sponding one of the first subset of pep-
tides; and

wherein the synthetic peptides are non-nat-
urally occurring, designed sequences that
are absent in the target proteome;

detecting a second signal output characteristic
of binding of each of the first sample and the
second sample to the second plurality of pep-
tides;
selecting a second subset of peptides from the
second plurality of peptides based on the sec-
ond signal output, wherein:

the second subset of peptides comprises at
least one of the plurality of synthetic pep-
tides and at least partially defines the syn-
thetic classifier,
the synthetic classifier distinguishing be-
tween a sample derived from the first group
and a sample derived from the second
group;

identifying the synthetic classifier by detecting
binding between the synthetic peptides of the
synthetic classifier and the biomarker; wherein
the synthetic classifier determines the presence
or absence of the biomarker in a subject and

assigns the subject as having or not having the
disease or diagnosis; and
wherein the synthetic classifier distinguishes be-
tween the sample derived from the first group
and the sample derived from the second group
with at least one of a greater sensitivity and a
greater specificity than a natural classifier con-
sisting of peptides selected from the first subset
of peptides.

2. The method of claim 1, wherein each of the peptides
in the first plurality of peptides and the second plu-
rality of peptides is between 12 amino acids and 16
amino acids in length.

3. The method of claim 1, wherein the peptides in the
first plurality of peptides are tiled at between 1 amino
acid and 4 amino acids along the length of the target
proteome.

4. The method of claim 1, wherein the first signal output
is a fluorescence intensity obtained through fluoro-
phore excitation-emission, the fluorescence intensi-
ty reflecting at least one of i) an abundance of a com-
ponent of one of the first sample and the second
sample associated with the first plurality of peptides,
and ii) a binding affinity of the component of one of
the first sample and the second sample to the first
plurality of peptides, and
wherein the second signal output is a fluorescence
intensity obtained through fluorophore excitation-
emission, the fluorescence intensity reflecting at
least one of i) an abundance of a component of one
of the first sample and the second sample associated
with the second plurality of peptides, and ii) a binding
affinity of the component of one of the first sample
and the second sample to the second plurality of
peptides.

5. A method for identifying a synthetic classifier, where-
in the synthetic classifier is a classifier for diagnosis
or prognosis, the method comprising:
contacting at least a first sample and a second sam-
ple with a first plurality of peptides, the first sample
derived from a first group of a cohort, the second
sample derived from a second group of the cohort
having a disease or diagnosis, the first group being
different from the second group, and the first plurality
of peptides comprising:

i) a first subset of peptides consisting of a plu-
rality of peptides, each peptide comprising at
least one naturally occurring amino acid se-
quence, wherein the first subset of peptides rep-
resents at least 90% of a target proteome, the
target proteome selected from a virus and an
organism, and
ii) a second subset of peptides consisting of a
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plurality of synthetic peptides each of the syn-
thetic peptides having at least one of a substi-
tution, a deletion, an insertion, an extension, and
a modification relative to a corresponding one
of the first subset of peptides, and each of the
plurality of synthetic peptides having:

a) a sequence that shares at least 85% se-
quence identity with the corresponding one
of the first subset of peptides;
b) a sequence with fewer than 20% of the
residues substituted and not more than one
addition or deletion as compared to the cor-
responding one of the first subset of pep-
tides; or
c) a sequence that has one substituted res-
idue as compared to the corresponding one
of the first subset of peptides, and/or not
more than one addition or deletion as com-
pared to the corresponding one of the first
subset of peptides, and wherein the syn-
thetic peptides are non-naturally occurring,
designed sequences that are absent in the
target proteome;

detecting a first signal output characteristic of
binding of each of the first sample and the sec-
ond sample to the first subset of peptides;
selecting the first subset of peptides based on
the first signal output; wherein the selected first
subset of peptides at least partially classify the
first and second samples from the first and sec-
ond groups;
detecting a second signal output characteristic
of binding of each of the first sample and the
second sample with the second subset of pep-
tides;
selecting at least one of the plurality of synthetic
peptides from the second subset of peptides
based on the second signal output;
defining a synthetic classifier comprising the at
least one of the plurality of synthetic peptides,
the synthetic classifier distinguishing between a
sample derived from the first group and a sample
derived from the second group; and
wherein the synthetic classifier distinguishes be-
tween the sample derived from the first group
and the sample derived from the second group
with at least one of a greater sensitivity and a
greater specificity than a natural classifier con-
sisting of peptides selected from the first subset
of peptides.

6. The method of claim 5, wherein each of the peptides
in the first plurality of peptides is between 12 amino
acids and 16 amino acids in length.

7. The method of claim 5, wherein the peptides in the

first plurality of peptides are tiled at between 1 amino
acid and 4 amino acids along the length of the target
proteome.

8. The method of claim 5, wherein the first signal output
is a fluorescence intensity obtained through fluoro-
phore excitation-emission, the fluorescence intensi-
ty reflecting at least one of i) an abundance of a com-
ponent of one of the first sample and the second
sample associated with the first plurality of peptides,
and ii) a binding affinity of the component of one of
the first sample and the second sample to the first
plurality of peptides.

Patentansprüche

1. Ein Verfahren zum Identifizieren eines syntheti-
schen Klassifikators, wobei der synthetische Klassi-
fikator ein Klassifikator zur Diagnose oder Prognose
ist, das Verfahren umfassend:

Kontaktieren mindestens einer ersten Probe
und einer zweiten Probe mit einer ersten Viel-
zahl von Peptiden, wobei:

die erste Probe aus einer ersten Gruppe ei-
ner Kohorte stammt,
die zweite Probe aus einer zweiten Gruppe
der Kohorte stammt, die einen Biomarker
hat, der auf Erkrankung oder Prognose hin-
deutet,
die erste Gruppe von der zweiten Gruppe
verschieden ist,
die erste Vielzahl von Peptiden eine natür-
lich vorkommende Peptidsequenz hat und
mindestens 90% eines Zielproteoms reprä-
sentiert, wobei das Zielproteom aus einem
Virus und einem Organismus ausgewählt
ist;

Detektieren einer ersten Signalausgabe, die für
die Bindung jeder von der ersten Probe und der
zweiten Probe an die erste Vielzahl von Pepti-
den charakteristisch ist;
Auswählen eines ersten Teilsatzes von Pepti-
den aus der ersten Vielzahl von Peptiden basie-
rend auf der ersten Signalausgabe, wobei der
ausgewählte erste Teilsatz von Peptiden die
erste und zweite Probe aus der ersten und zwei-
ten Gruppe zumindest teilweise klassifiziert;
Kontaktieren mindestens der ersten Probe und
der zweiten Probe mit einer zweiten Vielzahl von
Peptiden, wobei:

die zweite Vielzahl von Peptiden eine Viel-
zahl synthetischer Peptide aus dem ersten
Teilsatz von Peptiden umfasst, wobei jedes
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der Vielzahl synthetischer Peptide mindes-
tens eines von einer Substitution, einer De-
letion, einer Insertion,
einer Extension und einer Modifikation re-
lativ zu einem entsprechenden aus dem
ersten Teilsatz von Peptiden hat, und jedes
aus der Vielzahl synthetischer Peptide Fol-
gendes hat:

a) eine Sequenz, die mindestens 85%
Sequenzidentität mit dem entspre-
chenden aus dem ersten Teilsatz von
Peptiden teilt;
b) eine Sequenz mit weniger als 20%
substituierten Resten und nicht mehr
als 1 Addition oder Deletion verglichen
mit dem entsprechenden aus dem ers-
ten Teilsatz von Peptiden; oder
c) eine Sequenz, die einen substituier-
ten Rest verglichen mit dem entspre-
chenden aus dem ersten Teilsatz von
Peptiden und/oder nicht mehr als eine
Addition oder Deletion verglichen mit
dem entsprechenden aus dem ersten
Teilsatz von Peptiden hat; und

wobei die synthetischen Peptide nicht na-
türlich vorkommende, entworfene Sequen-
zen sind, die im Zielproteom fehlen;

Detektieren einer zweiten Signalausgabe, die
für die Bindung jeder von der ersten Probe und
der zweiten Probe an die zweite Vielzahl von
Peptiden charakteristisch ist;
Auswählen eines zweiten Teilsatzes von Pepti-
den aus der zweiten Vielzahl von Peptiden ba-
sierend auf der zweiten Signalausgabe, wobei:

der zweite Teilsatz von Peptiden mindes-
tens eines der Vielzahl synthetischer Pep-
tide umfasst und den synthetischen Klassi-
fikator zumindest teilweise definiert,
wobei der synthetische Klassifikator zwi-
schen einer aus der ersten Gruppe stam-
menden Probe und einer aus der zweiten
Gruppe stammenden Probe unterscheidet;

Identifizieren des synthetischen Klassifikators
durch Detektieren der Bindung zwischen den
synthetischen Peptiden des synthetischen Klas-
sifikators und dem Biomarker; wobei der syn-
thetische Klassifikator das Vorliegen oder die
Abwesenheit des Biomarkers in einem Subjekt
bestimmt und das Subjekt als die Krankheit oder
Diagnose habend oder nicht habend zuweist;
und
wobei der synthetische Klassifikator zwischen
der aus der ersten Gruppe stammenden Probe

und der aus der zweiten Gruppe stammenden
Probe mit mindestens einem von einer größeren
Sensitivität und einer größeren Spezifität unter-
scheidet als ein natürlicher Klassifikator beste-
hend aus Peptiden, die aus dem ersten Teilsatz
von Peptiden ausgewählt sind.

2. Das Verfahren aus Anspruch 1, wobei jedes der Pep-
tide in der ersten Vielzahl von Peptiden und der zwei-
ten Vielzahl von Peptiden zwischen 12 Aminosäuren
und 16 Aminosäuren lang ist.

3. Das Verfahren aus Anspruch 1, wobei die Peptide
in der ersten Vielzahl von Peptiden um zwischen 1
Aminosäure und 4 Aminosäuren entlang der Länge
des Zielproteoms versetzt sind.

4. Das Verfahren aus Anspruch 1, wobei die erste Si-
gnalausgabe eine durch Fluorophor-Anregung-
Emission erhaltene Fluoreszenzintensität ist, wobei
die Fluoreszenzintensität mindestens eines reflek-
tiert von i) einer Häufigkeit einer Komponente von
einer aus der ersten Probe und der zweiten Probe,
die mit der ersten Vielzahl von Peptiden assoziiert
ist, und ii) einer Bindungsaffinität der Komponente
von einer aus der ersten Probe und der zweiten Pro-
be für die erste Vielzahl von Peptiden, und
wobei die zweite Signalausgabe eine durch Fluoro-
phor-Anregung-Emission erhaltene Fluoreszenzin-
tensität ist, wobei die Fluoreszenzintensität mindes-
tens eines reflektiert von i) einer Häufigkeit einer
Komponente von einer aus der ersten Probe und der
zweiten Probe, die mit der zweiten Vielzahl von Pep-
tiden assoziiert ist, und ii) einer Bindungsaffinität der
Komponente von einer aus der ersten Probe und der
zweiten Probe für die zweite Vielzahl von Peptiden.

5. Ein Verfahren zum Identifizieren eines syntheti-
schen Klassifikators, wobei der synthetische Klassi-
fikator ein Klassifikator zur Diagnose oder Prognose
ist, das Verfahren umfassend:

Kontaktieren mindestens einer ersten Probe
und einer zweiten Probe mit einer ersten Viel-
zahl von Peptiden, wobei die erste Probe aus
einer ersten Gruppe einer Kohorte stammt, die
zweite Probe aus einer zweiten Gruppe der Ko-
horte mit einer Krankheit oder Diagnose
stammt, die erste Gruppe von der zweiten Grup-
pe verschieden ist, und die erste Vielzahl von
Peptiden Folgendes umfasst:

i) einen ersten Teilsatz von Peptiden beste-
hend aus einer Vielzahl von Peptiden, wo-
bei jedes Peptid mindestens eine natürlich
vorkommende Aminosäuresequenz um-
fasst, wobei der erste Teilsatz von Peptiden
mindestens 90% eines Zielproteoms reprä-
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sentiert, wobei das Zielproteom aus einem
Virus und einem Organismus ausgewählt
ist, und
ii) einen zweiten Teilsatz von Peptiden be-
stehend aus einer Vielzahl synthetischer
Peptide, wobei jedes der synthetischen
Peptide mindestens eines von einer Substi-
tution, einer Deletion, einer Insertion, einer
Extension und einer Modifikation relativ zu
einem entsprechenden aus dem ersten
Teilsatz von Peptiden hat, und jedes aus
der Vielzahl synthetischer Peptide Folgen-
des hat:

a) eine Sequenz, die mindestens 85%
Sequenzidentität mit dem entspre-
chenden aus dem ersten Teilsatz von
Peptiden teilt;
b) eine Sequenz mit weniger als 20%
substituierten Resten und nicht mehr
als eine Addition oder Deletion vergli-
chen mit dem entsprechenden aus dem
ersten Teilsatz von Peptiden; oder
c) eine Sequenz, die einen substituier-
ten Rest verglichen mit dem entspre-
chenden aus dem ersten Teilsatz von
Peptiden und/oder nicht mehr als eine
Addition oder Deletion verglichen mit
dem entsprechenden aus dem ersten
Teilsatz von Peptiden hat, und wobei
die synthetischen Peptide nicht natür-
lich vorkommende, entworfene Se-
quenzen sind, die im Zielproteom feh-
len;

Detektieren einer ersten Signalausgabe, die für
die Bindung jeder von der ersten Probe und der
zweiten Probe an den ersten Teilsatz von Pep-
tiden charakteristisch ist;
Auswählen eines ersten Teilsatzes von Pepti-
den basierend auf der ersten Signalausgabe,
wobei der ausgewählte erste Teilsatz von Pep-
tiden die erste und zweite Probe aus der ersten
und zweiten Gruppe zumindest teilweise klassi-
fiziert;
Detektieren einer zweiten Signalausgabe, die
für die Bindung jeder von der ersten Probe und
der zweiten Probe an den zweiten Teilsatz von
Peptiden charakteristisch ist;
Auswählen mindestens eines der Vielzahl syn-
thetischer Peptide aus dem zweiten Teilsatz von
Peptiden basierend auf der zweiten Signalaus-
gabe;
Definieren eines synthetischen Klassifikators
umfassend das mindestens eine aus der Viel-
zahl synthetischer Peptide, wobei der syntheti-
sche Klassifikator zwischen einer aus der ersten
Gruppe stammenden Probe und einer aus der

zweiten Gruppe stammenden Probe unter-
scheidet; und
wobei der synthetische Klassifikator zwischen
der aus der ersten Gruppe stammenden Probe
und der aus der zweiten Gruppe stammenden
Probe mit mindestens einem von einer größeren
Sensitivität und einer größeren Spezifität unter-
scheidet als ein natürlicher Klassifikator beste-
hend aus Peptiden, die aus dem ersten Teilsatz
von Peptiden ausgewählt sind.

6. Das Verfahren aus Anspruch 5, wobei jedes der Pep-
tide in der ersten Vielzahl von Peptiden zwischen 12
Aminosäuren und 16 Aminosäuren lang ist.

7. Das Verfahren aus Anspruch 5, wobei die Peptide
in der ersten Vielzahl von Peptiden um zwischen 1
Aminosäure und 4 Aminosäuren entlang der Länge
des Zielproteoms versetzt sind.

8. Das Verfahren aus Anspruch 5, wobei die erste Si-
gnalausgabe eine durch Fluorophor-Anregung-
Emission erhaltene Fluoreszenzintensität ist, wobei
die Fluoreszenzintensität mindestens eines reflek-
tiert von i) einer Häufigkeit einer Komponente von
einer aus der ersten Probe und der zweiten Probe,
die mit der ersten Vielzahl von Peptiden assoziiert
ist, und ii) einer Bindungsaffinität der Komponente
von einer aus der ersten Probe und der zweiten Pro-
be für die erste Vielzahl von Peptiden.

Revendications

1. - Procédé d’identification d’un classificateur synthé-
tique, caractérisé par le fait que le classificateur
synthétique est un classificateur pour le diagnostic
ou le pronostic, le procédé comprenant :

mettre en contact au moins un premier échan-
tillon et un second échantillon avec une premiè-
re pluralité de peptides,
dans lequel :

le premier échantillon est dérivé d’un pre-
mier groupe d’une cohorte,
le second échantillon est dérivé d’un se-
cond groupe de la cohorte ayant un biomar-
queur indicateur d’une maladie ou d’un pro-
nostic,
le premier groupe étant différent du second
groupe,
la première pluralité de peptides ayant une
séquence peptidique d’origine naturelle, et
représentant au moins 90 % d’un protéome
cible, le protéome cible étant choisi parmi
un virus et un organisme ;
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détecter un premier signal de sortie caractéris-
tique de la liaison de chacun du premier échan-
tillon et du second échantillon à la première plu-
ralité de peptides ;
sélectionner un premier sous-ensemble de pep-
tides parmi la première pluralité de peptides sur
la base du premier signal de sortie, le premier
sous-ensemble de peptides permettant de clas-
ser au moins partiellement les premier et
second échantillons à partir des premier et se-
cond groupes ;
mettre en contact au moins le premier échan-
tillon et le second échantillon avec une seconde
pluralité de peptides,
dans lequel :

la seconde pluralité de peptides comprend
une pluralité de peptides synthétiques du
premier sous-ensemble de peptides, cha-
cun de la pluralité de peptides synthétiques
ayant au moins l’une parmi une substitution,
une délétion, une insertion, une extension
et une modification par rapport à l’un cor-
respondant du premier sous-ensemble de
peptides, et chacun de la pluralité de pep-
tides synthétiques ayant :

a) une séquence qui partage au moins
85 % d’identité de séquence avec la sé-
quence correspondante du premier
sous-ensemble de peptides ;
b) une séquence avec moins de 20 %
des résidus substitués et pas plus
d’une addition ou délétion par rapport
à la séquence correspondante du pre-
mier sous-ensemble de peptides ; ou
c) une séquence qui a un résidu subs-
titué par rapport à la séquence corres-
pondante du premier sous-ensemble
de peptides, et/ou pas plus d’une addi-
tion ou délétion par rapport à la séquen-
ce correspondante du premier sous-
ensemble de peptides ; et

les peptides synthétiques étant des sé-
quences conçues et non naturelles qui sont
absentes du protéome cible ;

détecter un second signal de sortie caractéris-
tique de la liaison de chacun du premier échan-
tillon et du second échantillon à la seconde plu-
ralité de peptides ;
sélectionner un second sous-ensemble de pep-
tides parmi la seconde pluralité de peptides sur
la base du second signal de sortie, dans lequel :

le second sous-ensemble de peptides com-
prend au moins l’un de la pluralité de pep-

tides synthétiques et
définit au moins partiellement le classifica-
teur synthétique,
le classificateur synthétique faisant la dis-
tinction entre un échantillon dérivé du pre-
mier groupe et un échantillon dérivé du se-
cond groupe ;

identifier le classificateur synthétique en détec-
tant une liaison entre les peptides synthétiques
du classificateur synthétique et le biomarqueur,
le classificateur synthétique déterminant la pré-
sence ou l’absence du biomarqueur chez un su-
jet et assignant le sujet comme ayant ou n’ayant
pas la maladie ou le diagnostic ; et
caractérisé par le fait que le classificateur syn-
thétique fait la distinction entre l’échantillon dé-
rivé du premier groupe et l’échantillon dérivé du
second groupe avec au moins l’une parmi une
plus grande sensibilité et une plus grande spé-
cificité qu’un classificateur naturel consistant en
des peptides choisis parmi le premier sous-en-
semble de peptides.

2. - Procédé selon la revendication 1, caractérisé par
le fait que chacun des peptides de la première plu-
ralité de peptides et de la seconde pluralité de pep-
tides a une longueur comprise entre 12 acides ami-
nés et 16 acides aminés.

3. - Procédé selon la revendication 1, caractérisé par
le fait que les peptides de la première pluralité de
peptides sont regroupés entre 1 acide aminé et 4
acides aminés sur la longueur du protéome cible.

4. - Procédé selon la revendication 1, caractérisé par
le fait que le premier signal de sortie est une inten-
sité de fluorescence obtenue par excitation-émis-
sion d’un fluorophore, l’intensité de fluorescence re-
flétant au moins l’une parmi i) une abondance d’un
composant de l’un du premier échantillon et du se-
cond échantillon associé à la première pluralité de
peptides, et ii) une affinité de liaison du composant
de l’un du premier échantillon et du second échan-
tillon à la première pluralité de peptides, et caracté-
risé par le fait que le second signal de sortie est
une intensité de fluorescence obtenue par excita-
tion-émission d’un fluorophore, l’intensité de fluores-
cence reflétant au moins l’une parmi i) une abondan-
ce d’un composant de l’un du premier échantillon et
du second échantillon associé à la seconde pluralité
de peptides, et ii) une affinité de liaison du compo-
sant de l’un du premier échantillon et du second
échantillon à la seoncde pluralité de peptides.

5. - Procédé d’identification d’un classificateur synthé-
tique, caractérisé par le fait que le classificateur
synthétique est un classificateur pour le diagnostic
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ou le pronostic, le procédé comprenant :

mettre en contact au moins un premier échan-
tillon et un second échantillon avec une premiè-
re pluralité de peptides, le premier échantillon
dérivé d’un premier groupe d’une cohorte, le se-
cond échantillon dérivé d’un second groupe de
la cohorte ayant une maladie ou un diagnostic,
le premier groupe étant différent du second
groupe, et la première pluralité de peptides
comprenant :

i) un premier sous-ensemble de peptides
consistant en une pluralité de peptides, cha-
que peptide comprenant au moins une sé-
quence d’acides aminés d’origine naturelle,
le premier sous-ensemble de peptides re-
présentant au moins 90 % d’un protéome
cible, le protéome cible étant choisi parmi
un virus et un organisme, et
ii) un second sous-ensemble de peptides
consistant en une pluralité de peptides syn-
thétiques, chacun des peptides synthéti-
ques ayant au moins l’une parmi une subs-
titution, une délétion, une insertion, une ex-
tension et une modification par rapport à l’un
correspondant du premier sous-ensemble
de peptides, et chacun de la pluralité de
peptides synthétiques ayant :

a) une séquence qui partage au moins
85 % d’identité de séquence avec la sé-
quence correspondante du premier
sous-ensemble de peptides ;
b) une séquence avec moins de 20 %
des résidus substitués et pas plus
d’une addition ou délétion par rapport
à la séquence correspondante du pre-
mier sous-ensemble de peptides ; ou
c) une séquence qui a un résidu subs-
titué par rapport à la séquence corres-
pondante du premier sous-ensemble
de peptides, et/ou pas plus d’une addi-
tion ou délétion par rapport à la séquen-
ce correspondante du premier sous-
ensemble de peptides, et les peptides
syntétiques étant des séquences con-
çues et non naturelles qui sont absen-
tes du protéome cible ;

détecter un premier signal de sortie caractéris-
tique de la liaison de chacun du premier échan-
tillon et du second échantillon au premier sous-
ensemble de peptides ;
sélectionner le premier sous-ensemble de pep-
tides sur la base du premier signal de sortie ; le
premier sous-ensemble de peptides sélection-
né permettant de classer au moins partiellement

les premier et second échantillons des premier
et second groupes ;
détecter un second signal de sortie caractéris-
tique de la liaison de chacun du premier échan-
tillon et du second échantillon au second sous-
ensemble de peptides ;
sélectionner au moins l’un de la pluralité de pep-
tides synthétiques du second sous-ensemble de
peptides sur la base du second signal de sortie ;
définir un classificateur synthétique comprenant
au moins l’un de la pluralité de peptides synthé-
tiques, le classificateur synthétique faisant la
distinction entre un échantillon dérivé du pre-
mier groupe et un échantillon dérivé du second
groupe ; et
caractérisé par le fait que le classificateur syn-
thétique fait la distinction entre l’échantillon dé-
rivé du premier groupe et l’échantillon dérivé du
second groupe avec au moins l’une parmi une
plus grande sensibilité et une plus grande spé-
cificité qu’un classificateur naturel consistant en
des peptides choisis parmi le premier sous-en-
semble de peptides.

6. - Procédé selon la revendication 5, caractérisé par
le fait que chacun des peptides de la première plu-
ralité de peptides a une longueur comprise entre 12
acides aminés et 16 acides aminés.

7. - Procédé selon la revendication 5, caractérisé par
le fait que les peptides de la première pluralité de
peptides sont regroupés entre 1 acide aminé et 4
acides aminés sur la longueur du protéome cible.

8. - Procédé selon la revendication 5, caractérisé par
le fait que le premier signal de sortie est une inten-
sité de fluorescence obtenue par excitation-émis-
sion d’un fluorophore, l’intensité de fluorescence re-
flétant au moins l’une parmi i) une abondance d’un
composant de l’un du premier échantillon et du se-
cond échantillon associé à la première pluralité de
peptides, et ii) une affinité de liaison du composant
de l’un du premier échantillon et du second échan-
tillon à la première pluralité de peptides.
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